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CHAPTER 1

INTRODUCTION

1.1 Introduction

The control system is a basic principle of logical and natural operations. Maintain
the temperature, level and fluid flow rate in the system are the examples of the natural
operation in the process of the control system. The addition of new technologies in the
control system by replacing the human function came with the term of “Automatic
Control” in the control action. The basic principle in Process-Control is to regulate the
value of the quantity. By regards the dominants elements, the value of the quantity can be
managed at the reference value or set point value. Adjust the Level of Liquid is the most

similar example of system control that using the process-control principle.
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Figure 1.1: The level of liquid in the tank

Figure 1.1 shows the process of self-regulation system. The liquid is flowing along
the pipe to the tank until it reaches the height (h) in which output of flow rate (Q out) is

equal to the input rate (Q in). If both rates are in an unbalanced condition, the water level



will drop or rise from the reference set point. In this process, shows the system does not

provide any variable regulation to the reference value.

The technology of artificial control was developed over the past decades by used
humans as the controller action to the system. This system called as Human-Aided Control.
The level of the water tank can be indicated by using sight tube Figure 1.2 to compare the
level of the water (h). On the other hand, the flow rate of the output can be manipulated by
adjusting the valve in order to change the water level using a human control. If the
measured value is larger than the set point, the human opens the valve to a minimum in
order to give the water filled into the tank until it reaches the set point H. This situation
also happened when the water is smaller than the set point. The user acts as indicator to

monitor the water level at the S tube.
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Figure 1.2: A human can regulate the level a sight tube S to compare the level h, to

compare the desired set point level, H and adjust a valve to change the level

Automatic Control is the altered system by using machines, electronics and
computers to change the human operation. By referring to the Figure 1.3, the sensor act as
the indicator added into the system in order to monitor the change of the level of the water
in the tank. The output signal from the sensor is converted into the proportional signal (s)
and it became the input for the controller. The controller performs the function of the
human in evaluating the measurement and providing the output signal (u) to operate the
valve via an actuator. The mechanical linkage is connected to the actuator in order to

control the valve [1].



Figure 1.3: Automatic Level control system replaces the human with the controller and

sensor to detect the level

1.2 Motivation

Over the past decades, the research on computer control of manufacturing system
has been extending as it requires a deep understanding on how to implement the complete
system. The application of liquid level control has been detected in tank level gauging of
milk, level gauging of acid, oil and level monitoring of water in the reservoir. Many
industrial worldwide needs the process of liquid level control in order to improve the

capabilities and efficiency of the production. [2]

For instances, water treatment plants are used by the industries to the kept the
plants in a good and safe condition without any infection that caused by the excess water.
That proves the water level controlling system is an important process that have to be
managed some parameter values for the smooth running process in order to get the quality

product. The process is possible upon controlling the level of water in the tank system. [3]

1.3 Problem Statement

The liquid level control system is used to manipulate the change of water level
parameter in the tank. Nowadays, there are many technologies production industrial

process need to control and maintain the liquid level with inaccurate values given. Mostly,



in the industries, the Conventional PID Controller is used to indicate the level of the liquid
in the tank system. The PID controller is used because of their reliable, simple and accurate
in the closed loop feedback system. However, if the parameter of PID controller is not
chosen nicely, it might have the poor effect to the system. On the other hand, by using
Fuzzy Logic controller, the overshoot of the system is limited in order to have a great

control performance.

14 Objectives

The Aim of this project is:

L To design and tune the Fuzzy Logic Controller in Water level Tank System
IL. Analysis the result of the Fuzzy Logic Controller performance (overshoot and the

transient response) of the Water Tank System

1.5 Scope

The scope of this project based on the two tanks that connect in a series position.
The hardware of this project is only available at Underwater Lab, FKE UTEM because of
the physical size of the tank. The size of the both tanks are same with 25 (L) x 25 (W) x
45 (H) in centimetre. The limitation of the project is based on the height filled by water
which is maximum at 30 cm and the constructed of tanks materials is glass. The tanks are
fragile and easy-to-broke. Besides that, this project only focuses on the transient response

and the overshoot percentages that produced by Fuzzy Logic Controller in this system.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

In this chapter discuss the controller selection based on the 5 Conference Paper
from IEEE sites. Controller Analysis based on the control performance that obtained from
the graph and the complexity of the architecture to build the project. The control
performance has to be included the transient response time, the overshoot percentage and
the steady-state error of the system. The better control performance shows are decided the

summarization of the controller selection analysis

2.2 Controller Selection Analysis

2.2.1 Journal 1: “Research on Application of Fuzzy PID Controller in Two -
container Water Tank System Control” — Yan Zhao, 2010 [4]

This Journal Paper describe the designing the Fuzzy PID Controller in the liquid
level system. The structure of the water tank is shown in Figure 2.1 below. The researcher
goals are to find the strong robustness, favourable dynamic response, fast rise time and
small overshoot percentages system in order to achieve the accuracy of the water tank. In
this system, the mathematical equation of two serial volume tanks is produced to get the
final kinematic equation of water level. In this paper also, describe the three (3) method
that been too satisfied the goals. The first method is used is step interference method. In
this method the researcher want to measure the dynamics response characteristic of the
level object of water tank liquid.by using this method, the result is observed on level
change value with corresponding time by using “time amplitude recorder”. The end of the

data presented in transfer functions and draw technically by graphical technique. The graph



is gradually increased curve with time constant against the changes of the water level. The
second method used to design the adoption of Fuzzy PID Controller. By using this method,
the end result came with 4 elements namely: Basic Domain of exposition, the Fuzzy
domain of exposition, Fuzzy Set and the Quantization Factor. In order to make a fuzzy
output inference synthesis of this design the method of weighted mean is implemented.
The result of the liquid level control system of two container water is processing using
Matlab Simulation Software. The graph is shown in Figure 2.2. The graph shows the

satisfied achievement in over modulation quantity and steady state error performance.
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Figure 2.1: Structure chart of two-container water tank liquid level control system

Figure 2.2: Comparisons between simulation result of PID control and Fuzzy PID control



2.2.2 Journal 2: “Fuzzy Adaptive PID Control Tank Level” — Qianhua Xiao,
Deqiong Zou and Ping Wei, 2010 [5]

In this conference paper, introduce the Fuzzy Logic Controller to control the
unpredictable output of the water tank. The researcher states that using the Fuzzy
Algorithm method and Fuzzy Adaptive PID Control method, the result can control the
system up to 0.00008 squares of error in order to achieve the accurate and precise control.
This Conference paper also describes the methods that are used to design the Fuzzy Logic
Control of this system. In this system, the transfer function is rearranged from the first
inertia principle of the single tank as shown in Figure 2.3 below. The most important
method that the researcher used in designing the Fuzzy PID Adaptive control is the
knowledge of experience to tune the three parameters, namely: proportion coefficient,
integral coefficient and integral coefficient. In order to adjust the Fuzzy control, it must
have the suitable Fuzzy Rule Table. The seven fuzzy set is the most established to control
this system. The end of the result, the researcher presented the graph of actual level
compare with expected level graph as shown in Figure 2.4. The analysis by using Simulink
of plotting the comparison graph, the goal of this system is satisfied to achieve the
accuracy and precisely up to 99.84% of error range 0.0013. The result is achievable to

control the system of the liquid level in the tank.

Figure 2.3 Structure of single tank

Figure 2.4 the actual level and the expectation level



2.2.3 Journal 3: “Level Control System of Double-hold Water Tank Based on
Inverse System Method and PID” — Hu Likun , Li Guangping and Huang
Wengin , 2010 [6]

This Journal Paper discusses the combination method of the inverse system with
PID controller in order to achieve the double-hold water tank control. The method of this
system started with the determination of the model parameter. The structure of the
modelling is shown in Figure 2.5 below. The output flow and the level are measured by
using linear fitting and average method. After that, the inverse system method based on
Iterator Algorithm is used to eliminate and simplified the equation of the mathematical
model double-hold water tank. Next, in order to get the simulation of the Pseudo-Linear
system graph, the inverse system must be connected with the tank in series form. The
linearization and de-linearization graph is presented in Figure 2.6 below. This graph also
proves that the inverse system is available to design the PID Controller. Since the graph is
approved, the inverse system is lead to the close-loop transfer function of the water tank
equation. The result of the transfer function is presented by plotting the graph on bode plot.
The result shown the output signal of the inverse system is sent to the input of the actuator
after the amplitude limiter reacted. As the conclusion, after done some adjustment time, the
steady state error is reducing until less than 5%. Other than that, the system shows the fast
response after the set value of level is changing. Figure 2.8 show the effect of using

Conventional PID control method in this system.

Figure 2.5 the structure model of the double-hold water tank



